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INTRODUCTION. 
Although it  has  been known  for  many years that  trypanosomes 
suspended in serum may retain their motility for days, it apparently 
occurred to  no  one  to  make  use  of  this  fact  in  experiments  with 
trypanosomes in  vitro.  Nevertheless, a  good medium for suspend- 
ing trypanosomes was  needed,  for  salt  solution  which  has  usually 
been employed in experiments in  vitro  is  so poisonous  for these or- 
ganisms  that  it  exerts  on  them  a  marked toxic  influence, and  for 
this  reason  limits  the  duration  of  the  experiments.  The  use  of 
serum  for  experiments  in  vitro  was,  however, not  even  suggested 
by Schern,  1 who in  I9II published a paper on the activating proper- 
ties  of  serum  and  liver  extracts.  Schern  pointed  out  that  this 
property in serum could be retained for a  long time. 
The  advantage  of  using  serum  for  experiments  in  vitro  with 
nagana (goat normal passage iii)  I discovered quite by accident while 
working in 191o in the George Speyer House in Frankfurt a/M.  In 
testing the toxicity for trypanosomes of paraminophenylarsenoxyd I 
found that the motility of the trypanosomes was preserved better in 
certain  weak dilutions  of  the toxin  dissolved  in  blood  than  in  the 
controls made by suspending the organisms in salt solution. 
This  surprising  fact  was  at  once investigated and  a  stimulating 
influence due  to  the  toxin  was  excluded,  for  similar  dilutions  in 
* Received for publication, December 3  o,  I914. 
1 Schern, K.. Arb. a. d. k. Gsndhtsamte.,  I9II, xxxviii, 338. 
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salt  solution  did  not  have  this  effect.  The  blood  was  examined 
and  experiments  soon  showed  that  the  effect seen  was  due  to  the 
serum in the blood and to the serum alone. 
As  I  had  been seeking  in  vain  for  a  substitute  for salt  solution 
for  experiments  in  vitro,  it  occurred  to  me  that  serum  might  be 
used  for this  purpose.  I  tried  it and  found  it  so satisfactory  that 
it has been employed since then  in nearly all my experiments. 
Although  serum  was  used  in  my  experiments  throughout  191o 
and  191I,  I  did not report  its  advantages  for experiments  in vitro 
until  February 21,  1912. 2  A  few days later there appeared  in Ger- 
many  a  paper  by Rothermundt  and  Dale.  *  In  this  paper  Rother- 
mundt and Dale called attention  to the value of suspending trypano- 
somes in serum.  By so doing they had  been able to prolong  their 
experiments  in vitro, and prolongingtheir experiments had, they said, 
enabled  them  to  discover  what  others  had  overlooked;  i.  e.,  that 
atoxyI has a  direct action upon trypanosomes in vitro. 
In my paper in  1912  no details  were given.  In this  one I  desire 
to publish a  few protocols and add to the points made in  1912. 
Serum  preserves  the  motility  of  trypanosomes  suspended  in' it 
much better and longer  than  salt solution does.  In  one experiment 
a  richly infected mouse was bled to death and its blood was divided 
in  two  parts,  one  part  being  added  to  salt  solution  and  the  other 
part  to  serum.  The  trypanosomes  in  serum  apparently  lost  none 
of their activity during the three hours they were observed.  Those 
placed  in  salt  solution  lost  in  activity at  once.  After  25  minutes 
they were only about 3 °  per  cent.  as active as  those  in  serum,  and 
after  2  hours  and  5  minutes  at  room  temperature  they were  com- 
pletely  immobilized.  This  experiment  was  repeated  many  times, 
and  except for slight differences in detail the  result was always the 
same.  In  all  experiments  serum  was  superior  to  sa!t  solution  in 
preserving  the  motility  of trypanosomes. 
Various  sera,--rabbit,  ox,  horse,  goat,  sheep,  pig,  chicken,  rat, 
and  mouse,--were  tested  for  their  motility-preserving  properties, 
and all of them  were found to possess it.  In  experiments  with rat 
and mouse sera some trypanosomes were found to be IOO per cent. 
2 Terry, B. T., Proc. Soc. Exper. Biol. and Med., 1911-12  , ix, 40. 
3 Rothermundt,  M.,  and  Dale, J.,  Ztschr.  f.  Immunitiitsforsch.,  Orig., 1912, 
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motile even after  24  hours'  contact with the  serum  at  room  tem- 
perature. 
To  ascertain  how  strong  this  motility-preserving property  was, 
salt solution in varying quantity was added to the sera and the tests 
were  repeated.  These  tests  showed  that  some  slight effect of  the 
serum was seen in dilutions as great as  I  part in I6 or I  in 32, but 
that dilutions of serum greater than  I  in 2  or  I  in  4  were not as 
good as undiluted serum if the contact at room temperature was 3 
hours  or  longer. 
Serum  obtained  from  the  slaughter  house  was  rarely  or  never 
sterile,  and  infected  serum  soon  proved  unsatisfactory.  To  free 
the  serum  from  bacteria  a  sterile  t3erkefeld  filter  was  employed, 
and  the  filtered  serum  was  tested.  It  was  found to  be  perfectly 
satisfactory. 
To ascertain how long filtered serum would preserve its proper- 
ties, a  large quantity was filtered, bottled aseptically, and preserved 
in the ice box for many months.  In serum that had been preserved 
nearly  a  year  no  diminution  in  the  motility-preserving property 
was seen.  It became easy, therefore, to keep on hand an abundant 
supply of active serum. 
"" Salz physiologicum'"  of Merck was tested, at the suggestion of 
Professor Ehrlich, to see  if it would be as  effective as  serum.  It 
proved to be far inferior and seemed to be no better than the ordinary 
0. 9 per cent. pure sodium chloride solution used in the laboratory. 
At  the  suggestion of Dr.  Meltzer  I  experimented,  after my  re- 
turn to America, to see  if Ringer solution might not give as  good 
results as  serum.  In my experiments I  used two different Ringer 
solutions.  4 
4  RINGER  SOLUTION', ~ELTZER. 
Sodium  chloride  .......................................  9.oo  gin. 
Calcium  chloride  ......................................  0.22  gin. 
Potassium chloride  ....................................  0.30  gin. 
Sodium bicarbonate ....................................  o.2  gin. 
Magnesium  chloride  ...................................  0.095 gin. 
Distilled water,  made up  to  ............................  I,OOO.oo  e.c. 
This was prepared by Dr. Auer and  furnished by Dr.  Githens. 
RINGER  SOLUTION, CARREL. 
Sodium  chloride  (Merck,  highest purity,  pure,  fused)  .....  9.0  gin. B.  T.  Terry.  253 
In  the  first  Ringer  solution experiment a  mouse infected  with 
trypanosomes was  decapitated,  its  blood was  defibrinated, and o.I 
of  a  cubic  centimeter was  added to  each  of  four  tubes,  each  of 
which contained five cubic centimeters of fluid.  The first tube con- 
tained salt solution  (0.9 per cent.), the second the Meltzer Ringer 
solution,  the  third  the  Carrel  Ringer,  and  the  fourth  ox  serum. 
The result of the tests is shown in table I, the motility of the try- 
panosomes being expressed in percentages,  IOO per cent.  being un- 
impaired motility.  Smaller percentages show correspondingly de- 
creased motility. 
TABLE  I. 
No.  After con-  Salt solution. 
tact for  Motility per cent.  5 
7-I87, 8  5 m!n.  ]  60 
7.I87,8  30 ram.  35 
7.r87,8  60 rain.  IO 
7.I87,8  I I20 rain.  I  5 
Ringer, Meltzer. 
Motility per cent. 
60 
26 
IO 
5 
Ringer, Carrel. 
Motility  per cent. 
IO0 
IO0 
6o 
6o 
Ox serum. 
Motility per cent. 
IO0 
9o 
9o 
9o 
From  table  I  we  see  that  after  5  minutes  no  difference  was 
evident between the Carrel Ringer solution and the serum, and that 
these  were  distinctly better  than the Meltzer  Ringer  and  the  salt 
solution.  The  cattle  serum  in  this  experiment seemed,  however, 
to  be  a  little  less  efficient than  usual,  and  after  30  minutes  the 
Carrel Ringer appeared to have preserved the motility a trifle better 
than the serum. 
After 60  and 90 minutes, however, the serum was  undoubtedly 
better than the Carrel Ringer solution, and the Carrel  Ringer was 
distinctly better than the Meltzer Ringer and the salt solution. 
About  6  weeks  later  the  experiment  was  repeated  with  fresh 
samples of salt solution and Ringer solution.  The result is shown 
in table II. 
Calcium  chloride  .......................................  0.25  gin. 
Potassium  chloride  .....................................  0.42  gin. 
Distilled water  ...........................................  I,OOO.OO c.c. 
The  salts are weighed  out and dissolved in  I,OOO c.e.  of  distilled water. 
Prepared  and  furnished by Mr.  Ebeling. 
5 The  motility of  the  trypanosomes  was  observed  under  the  microscope,  de- 
scribed  quickly by  means  of  abbreviations, and  these  abbreviations were  subse- 
quently  converted  into  percentages  by  rules  which  insure  a  given  description 
yielding the  same  result every time.  These rules  will be given in  another paper 
to  appear  soon. 254  Influence of Serum upon Trypanosomes. 
TABLE II. 
I  Cattle serum. 
After con-  Salt solution.  Ringer, Meltzer.  Ringer, Carrel.  Motility  per 
No.  tact for  Motility per cent.  Motility per cent.  Motility per  cent.  cent, 
7.188  i  I5  m!n.  76  4o  75  Ioo 
7.188  i  45  ram.  33  5  5  IOO 
7.I88  ] I65  min.  e  o  o  lOO 
In  the  second  experiment the  Carrel  Ringer  solution  proved  to 
be distinctly inferior to serum, almost as good as salt solution,  but 
distinctly superior to  the Meltzer Ringer. 
In  other experiments with  Carrel  Ringer  solution,  salt  solution, 
and  serum,  the  serum  gave  the  best  result  and  the  Carrel  Ringer 
proved slightly inferior to salt  solution.  Ringer solution is,  there- 
fore,  apparently  inferior  to  serum  in  preserving  the  motility  of 
trypanosomes. 
In the experiments with Ringer solution many rounded trypano- 
somes  were observed in  the  fresh specimens.  It  seemed desirable 
for this  reason to stain  some of the parasites.  Accordingly after 
3  hours'  contact  the  trypanosomes  in  Ringer  solution  and  serum 
were spread on a slide and stained by the Giemsa method.  Most of 
the trypanosomes in the Meltzer and  Carrel Ringer  solutions  were 
found  to  be  more  or  less  completely  disintegrated.  At  times 
flagella attached to centrosomes were seen, the rest of the organism 
having  disappeared.  Rounded  forms  containing  nucleus,  eentro- 
some, and partially  freed flagellum were also present. 
In  the  fresh specimens and in  stained specimens made from the 
serum  suspensions  none  of  these  abnormal  forms  were  seen. 
Serum  appears,  therefore,  to  preserve  both  the  motility  and  the 
normal  morphology  of  trypanosomes  better  than  either  of  the 
Ringer solutions tested. 
To  forestall  the  criticism  that  the  ox  serum  I  was  employing 
might have some deleterious effect that was not evident in altering 
the  motility  or  morphology,  I  tested  comparatively,  for  their  in- 
fectiousness,  trypanosomes preserved in  salt  solution  and  trypano- 
somes kept  in  serum.  These experiments showed that  under both 
conditions  trypanosomes  preserved 2,  4,  and  6  days  at  room tem- 
perature  were  infectious  for mice, but  that  the  trypanosomes pre- 
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than  those  preserved in  salt  solution.  For  example,  the parasites 
preserved  in  salt  solution  for  6  days  appeared  in  the  blood  of  a 
mouse 9  days  later  and killed  it  on the  z~th  day.  Under similar 
conditions  trypanosomes  preserved  in  serum  were  visible  in  the 
blood of a  mouse on the 4th day and killed it on the 7th day.  In 
one instance trypanosomes preserved in  serum  for 8  days at room 
temperature were injected into a  mouse and the organisms infected 
and killed this  animal as quickly as  trypanosomes which had been 
preserved under similar conditions in salt solution for only 6  days. 
That trypanosomes were still infectious after being kept at room 
temperature for 8  days  in  cattle serum suggests  the possibility  of 
using  serum  suspensions  for  transporting  virus  where  for  one 
reason or another it may be inconvenient to use an infected animal. 
Eight  days  is  long  enough to  transport  virus  from New  York  to 
San  Francisco,  or  even  from  New  York  to  London,  Paris,  or 
Frankfurt. 
Ice  Box  Temperature.--A  few  experiments  were made  to  see 
if the infectiousness of trypanosomes would be better preserved at 
ice box temperature than at room temperature.  In every instance, 
however,  room  temperature  seemed  better  than  ice  box  tempera- 
ture,  but  even  at  ice  box  temperature  the  infectiousness  of  the 
trypanosomes seemed to  be preserved better  in  serum than  in  salt 
solution. 
Before serum could be employed in my experiments in vitro with 
atoxyl  and  paraminophenylarsenoxyd  it  was  necessary  to  deter- 
mine that serum would not exercise any disturbing effect.  A  num- 
ber of experiments were therefore carried out. 
Serum was  tested  for its  transforming power in  the  same  way 
that  blood had  been tested.  A  IO  per cent.  solution  of  atoxyl in 
rabbit  serum was  incubated at  37 °  C.  for 3  hours,  and  then  try- 
panosomes  were brought  in  contact  with  various  dilutions  of  the 
atoxyI dissolved in serum.  The result is shown in outline. 
No.  Method.  After con-  Motility  Dilution. 
tact for  per cent. 
65 rain.  I  zoo  ~  zoo 
60 rain.  t  o  I  3,000 
5.69  Rabbit  serum  A  (zo%,  37  °, 3  hrs.) 
5.68  Rabbit  blood  A  (Io%,  37  °, 3  hrs.) 256  Influence  of Serum  upon  Trypanosomes. 
From  this  we  see  that  after  65  minutes'  contact  with  serum 
containing  one part of atoxyl in  Ioo,  the  trypanosomes  were unin- 
fluenced,  whereas  in  the  control  experiment  in  which  rabbit  blood 
was employed instead  of serum,  all  the parasites  were immobilized 
in  60  minutes  in  an  atoxyl  dilution  of  I  part  in  3,000.  Serum, 
therefore,  apparently  does not  transform  atoxyl. 
The  binding  power of serum  for paraminophenylarsenoxyd,  one 
of  the  reduction  products  of  atoxyl,  was  also  tested.  The  tests 
were made  in  a  number  of ways, but the  results  agreed  in  indicat- 
ing that serum did not in any wise lessen the toxicity of paramino- 
phenylarsenoxyd  for trypanosomes. 
The  following  outline  will  show  the  extreme  toxicity  of  para- 
minophenylarsenoxyd  when  added  to  twice  its  volume  of  serum. 
No. 
2.63 
2.63 
Method. 
I  c.c. serum -}- 0.5 c.e. pax +  0.5 c.c. tryps. 
I  c.c. serum +  0.5 c.c. pax +  0.5 e.c. tryps. 
After con-  Motility 
tact for  per cent.  Dilution. 
30 min.  o  I,ooo,ooo 
E 38 min.  I  .o  2,ooo,ooo 
Pax  is the abbreviation  for paraminophenylarsenoxyd  ; t ryps., for trypanosomes. 
From the outline we see that  in 3o minutes  all  the trypanosomes 
were  immobilized  in  a  paraminophenylarsenoxyd  dilution  of  I  to 
I,ooo,ooo, and  in  38 minutes  in a  dilution  of  I  to 2,000,000.  The 
toxicity shown here by paraminophenylarsenoxyd dissolved in serum 
and acting for 3  °  minutes on trypanosomes, is exactly like that which 
Ehrlich 6  reported  in  I9o8  for  the  same  medicament  dissolved  in 
salt solution and acting on trypanosomes  for 30 minutes. 
In  a  number  of  experiments  trypanosomes  were  immobilized 
more quickly in serum  than  in corresponding dilutions  of salt solu- 
tion.  This  was apparently  due  to  the  fact that  in  the  presence  of 
serum  trypanosomes  move  more  rapidly  than  in  the  presence  of 
salt solution.  By increasing the metabolic processes of the trypano- 
somes,  serum  probably  causes  the  parasites  to  take  up  the  poison 
more  rapidly  and  to  show  its  effects  more  quickly  than  they  do 
when suspended in salt solution. 
6 Ehrlich,  P.,  Verhandl.  d.  deutsch,  dermat.  Gesellsch.,  Xte.  Kongr.,  19o8, 
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In  conclusion I  desire  to  express  my  sincere  thanks  and  deep 
obligation to  Professor  Ehrlich  for  supplying me so  freely  with 
virus,  medicaments, and animals, and  for  the opportunities he af- 
forded me of  following up the observation I  made while working 
on a problem he had suggested. 
SU  M M ARY. 
I.  Serum  of  various  animals  preserves  the  motility of  nagana 
trypanosomes better and longer than salt solution. 
2.  To act best in this way the serum should not be diluted more 
than 2  to 4  times.  Undiluted serum is perhaps best. 
3.  Serum filtered through a  Berkefeld filter,  bottled aseptically, 
and kept in the ice box preserves this activating property apparently 
undiminished for many months. 
4.  Serum  preserves  the  motility  of  trypanosomes  better  than 
'" Salz physiologicum'"  of Merck, and better than the Ringer solu- 
tions of Meltzer and Carrel. 
"  5.  Serum  preserves  the  normal  morphology  of  trypanosomes 
better than the Ringer solutions tested. 
6.  The infectiousness of trypanosomes suspended in cattle serum 
was preserved at room temperature for at least 8  days. 
7.  The  vitality  of  the  trypanosomes  in  serum  was  seemingly 
better preserved at room temperature than at  ice box temperature. 
8.  Serum  incubated  with  atoxyl  does  not  transform  it  into  a 
toxic substance. 
9.  Serum does not bind paraminophenylarsenoxyd, for trypano- 
somes suspended in  serum are  often immobilized more quickly by 
paraminophenylarsenoxyd than trypanosomes suspended in salt so- 
lution. 
Io.  Serum  is  suitable  for  suspending trypanosomes  for  certain 
experiments in vitro, and with proper precautions may be employed 
for transporting virus from laboratory to laboratory. 